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Abstract.
Coupling constants of S11(1535) and S11(1650) resonances to meson-baryon (piN, ηN, η ′N, KY )
are investigated in a chiral quark model, complemented by inclusion of five-quark components in
those resonances. The known strong decay partial widths of both resonances are well reproduced,
provided sizeable strangeness components in the relevant wave functions.
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INTRODUCTION
Understanding the structure of the S11(1535) and S11(1650) resonances and their dy-
namical properties are among important issues in baryon spectroscopy. At the hadronic
level, S11(1535) is advocated to be a KΛ−KΣ quasi-bound state [1, 2], and in a recent
paper [3], S11(1650) is also reported to be a KΣ bound state. In the quark models, both
resonances are usually treated as the first orbitally excited states of the nucleon [4]. It is
well-known that the structure of resonances can be investigated via photon- and hadron-
induced production of mesons. So, the S11-meson-baryon coupling constants are crucial
issues in hadronic physics.
Recently, an Extended Chiral Constituent Quark Model (EχCQM) was developed to
include higher Fock components in the resonances wave functions. Within that approach,
the electromagnetic and strong decays properties of the P31(1232) [5], P11(1440) [6],
S11(1535) [7] and S01(1405) [8, 9] resonances are well described.
Here, we present our recent calculations on the couplings of S11(1535) and S11(1650)
to pseudoscalar mesons and octet baryons in the EχCQM. In our model [10], both reso-
nances are considered as admixtures of three-quark and strangeness five-quark compo-
nents, consistent with the proposed KY bound-state structures at hadronic level.
THEORETICAL FRAMEWORK
In this work, we employ the traditional wave functions [4] for the three-quark compo-
nents of S11(1535) and S11(1650). For the five-quark components, explicit wave func-
tions can be found in Ref. [7]. Here we will follow the formalism for strong decays in
Ref. [8], where the coupling of a resonance to meson-baryon channel is obtained by
calculating the matrix element of the following operators:
HNR(3)M = ∑
j
gqA
2 fM (
ωM
E f +M f
σ ·~Pf + ωMEi +Mi σ ·
~Pi−σ ·~kM + ωM2µ σ ·~p j)X
j
M exp{−i~kM ·~r j},
HNR(5)M = ∑
j
gqA
2 fM C
j
XFSC(mi +m f )χ¯†z
(
1 0
0 1
)
χ jz X
j
M exp{−i~kM ·~r j} , (1)
with the meson emission operators being
X j
pi0
= λ j3 , X
j
pi± =∓ 1√2(λ
j
1 ∓λ j2 ),
X jK± =∓ 1√2(λ
j
4 ∓λ j5 ), X jK0 =∓ 1√2(λ
j
6 ∓λ j7 ), (2)
X jη = cosθλ j8 − sinθ
√
2
3I , X
j
η ′ = sinθλ
j
8 + cosθ
√
2
3I ,
where λ ji are the SU(3) Gell-Mann matrices, and I the unit operator in the SU(3) flavor
space. θ denotes the mixing angle between η1 and η8, which leads to the physical states
for η and η ′.
NUMERICAL RESULTS
The input parameters in our model are: constituent quark masses (m and ms), oscillator
parameters (ω3 and ω5), mixing angle θS between N28 PM and N48 PM states, probabilities
for five-quark components in S11(1535) (P5q) and S11(1650) (P′5q). In line with Refs. [7,
8], we take m = 290 MeV, ms = 430 MeV, ω3 = 340 MeV and ω5 = 600 MeV.
In order to calculate partial decay widths, for the remaining three adjustable param-
eters (θS, P5q and P′5q) the whole phase space was mapped out in the following ranges:
0◦ ≤ θS ≤ 90◦, 0% ≤ P5q ≤ 100% and 0% ≤ P′5q ≤ 100%.
Then, ranges were determined allowing to reproduce the known [11] partial decay
widths for S11(1535)→ piN, ηN, and S11(1650)→ piN, ηN, KΛ, and turned out to be
26.9◦ ≤ θS ≤ 29.8◦, 21% ≤ P5q ≤ 31% and 11% ≤ P′5q ≤ 18%.
In Fig. 1 the relevant ranges for the five-quark probabilities at various mixing angles
are depicted, showing smooth but significant angle dependence. Within that subspace,
extreme values for the partial widths have been extracted (Table 1), and compared to the
data, resulting in from good to excellent agreements.
TABLE 1. Strong decay widths for S11(1535) and S11(1650).
N∗ piN ηN KΛ Ref.
S11(1535) 68 ± 15 79 ± 11 PDG [11]
58 ± 5 79 ± 11 Present work
S11(1650) 128 ± 29 3.8 ± 3.6 4.8 ± 0.7 PDG [11]
143 ± 5 4.5 ± 2.8 4.5 ± 0.5 Present work
The obtained model is used to put forward predictions for S11-meson-baryon coupling
constants, Fig. 2, for the following meson-baryon sets: pi0p, pi+n, η p, K+Λ, K0Σ+,
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FIGURE 1. Ranges for five-quark components probabilities in S11 as a function of mixing angle.
K+Σ0, η ′p. In Fig. 2, the couplings values at null five-quark probabilities correspond to
pure qqq configuration within broken SU(6)⊗O(3) symmetry.
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FIGURE 2. Coupling constants gS11MB for S11(1535) (left panel) and S11(1650) (right panel) as a
function of five-quark components probabilities at θS = 28◦, for meson-baryon sets: pi0 p (full), pi+n
(dashed), η p (dotted), K+Λ (dash-dotted), K0Σ+ (dash-dot-dotted), K+Σ0 (short dashed), η ′p (short
dotted). The vertical bands correspond to the probability ranges determined in this work.
The coupling gS11(1535)ηN turns out to be the most sensitive one to the five-quark
components. Significant effects are also anticipated for gS11(1535)K0Σ+ and gS11(1650)K0Σ+ .
With respect to the magnitude of couplings, we find the following orderings:
- for S11 ≡ S11(1535):
|gS11pi0 p|< |gS11pi+n|< |gS11K+Σ0|< |gS11K+Λ|< |gS11K0Σ+|< |gS11η p|< |gS11η ′p|, (3)
- for S11 ≡ S11(1650):
|gS11η p|< |gS11K+Λ|< |gS11pi0 p|< |gS11pi+n|< |gS11K+Σ0|< |gS11η ′p|< |gS11K0Σ+|. (4)
CONCLUSION
The partial decay widths for the low-lying S11 resonances are known with about 14%
acurracy for ΓS11(1535)→ηN and ΓS11(1650)→K+Λ, 22% for ΓS11→piN for both resonances,
and 95% for ΓS11(1650)→ηN . Previous studies [2, 12] have allowed to reproduce a signifi-
cant number of those data. Chiral constituent quark model without or with SU(6)⊗O(3)
breaking effects lead [10] to significant discrepancies with the data.
In the present work we extended the χCQM approach by complementing it with
five-quark components in the S11 resonances wave functions. The phase space formed
by the mixing angle and the probabilities of those components, leads simultaneously
to satisfactory results with respect to all five measured widths, within the following
ranges: 26.9◦ ≤ θS ≤ 29.8◦, 21% ≤ P5q ≤ 31% and 11% ≤ P′5q ≤ 18%. Here we have
reported predictions for the coupling constants of pi0 p, pi+n, η p, K+Λ, K0Σ+, K+Σ0,
η ′p pseudoscalar meson - octet baryon sets to both S11 resonances.
A worthy to be noticed outcome of the present work is that the S11(1535)ηN system
turns out to be very appealing for two reasons: i) the partial decay width ΓS11(1535)→ηN is
sizeable, ii) the coupling constant gS11(1535)ηN is rather large and sensitive enough to the
higher Fock space components in the resonance. Accordingly, possible role of the baryon
five-quark components in the η meson production processes is under investigation.
REFERENCES
1. N. Kaiser, P. B. Siegel and W. Weise, Phys. Lett. B 362, 23 (1995).
2. T. Inoue, E. Oset and M. J. Vicente Vacas, Phys. Rev. C 65, 035204 (2002).
3. P. C. Bruns, M. Mai and U. G. Meissner, Phys. Lett. B 697, 254 (2011).
4. S. Capstick and W. Roberts, Prog. Part. Nucl. Phys. 45, S241 (2000).
5. Q. B. Li and D. O. Riska, Phys. Rev. C 73, 035201 (2006); Nucl. Phys. A 766, 172 (2006).
6. Q. B. Li and D. O. Riska, Phys. Rev. C 74, 015202 (2006).
7. C. S. An and B. S. Zou, Eur. Phys. J. A 39, 195 (2009); Sci. Sin. G52, 1452 (2009).
8. C. S. An, B. Saghai, S. G. Yuan and J. He, Phys. Rev. C 81, 045203 (2010).
9. C. S. An and B. Saghai, Int. J. Mod. Phys. A 26, 619 (2011).
10. C. S. An and B. Saghai, to be submitted to Phys. Rev. C.
11. K. Nakamura et al. [Particle Data Group], J. Phys. G 37, 075021 (2010).
12. G. Penner and U. Mosel, Phys. Rev. C 66, 055211 (2002).
